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(54) IDENTIFIER FOR DEVICE LOCATION WITHIN WIRELESS COMMUNICATION SYSTEMS

(57) A wireless communication device (WDEV) in-
cludes a communication interface and a processor,
among other possible circuitries, components, elements,
etc. to support communications with other WDEV (s) and
to generate and process signals associated with such
communications. The WDEV supports first communica-
tions with a first other WDEV and supports second com-
munications with a second other WDEV. The WDEV
processes the first communications and the second com-
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munications to determine whether the first other WDEV
and the second other WDEYV are substantially co-located
at a physical location. When not co-located, the WDEV
processes the first communications and the second com-
munications based on at least one of a ranging or a lo-
cation protocol to determine location information of the
WDEV. Alternatively, when co-located, the WDEYV stores
information that indicates co-location of the first other
WDEYV and the second other WDEV.
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Description

CROSS REFERENCE TO RELATED PATENTS/PAT-
ENT APPLICATIONS

Provisional priority claims

[0001] The present U.S. Utility Patent Application
claims priority pursuant to 35 U.S.C. § 119(e) to U.S.
Provisional App. Ser. No. 62/002,375, entitled "ldentifier
for device location within wireless communication sys-
tems," filed 05-23-2014; and U.S. Provisional App. Ser.
No. 62/156,309, entitled "ldentifier for device location
within  wireless communication systems," filed
05-03-2015, both of which are hereby incorporated here-
in by reference in their entirety and made part of the
present U.S. Utility Patent Application for all purposes.

BACKGROUND
TECHNICAL FIELD

[0002] The present disclosure relates generally to
communication systems; and, more particularly, to de-
vice identification within single user, multiple user, mul-
tiple access, and/or MIMO wireless communications.

DESCRIPTION OF RELATED ART

[0003] Communication systems support wireless and
wire lined communications between wireless and/or wire
lined communication devices. The systems can range
from national and/or international cellular telephone sys-
tems, to the Internet, to point-to-point in-home wireless
networks and can operate in accordance with one or
more communication standards. For example, wireless
communication systems may operate in accordance with
one or more standards including, but not limited to, IEEE
802.11x (where x may be various extensions such as a,
b, n, g, etc.), Bluetooth, advanced mobile phone services
(AMPS), digital AMPS, global system for mobile commu-
nications (GSM), etc., and/or variations thereof.

[0004] In some instances, wireless communication is
made between a transmitter (TX) and receiver (RX) using
single-input-single-output (SISO) communication. An-
other type of wireless communication is single-input-mul-
tiple-output (SIMO) in which a single TX processes data
into radio frequency (RF) signals that are transmitted to
aRX thatincludes two or more antennae and two or more
RX paths.

[0005] Yetan alternative type of wireless communica-
tion is multiple-input-single-output (MISO) in which a TX
includes two or more transmission paths that each re-
spectively converts a corresponding portion of baseband
signals into RF signals, which are transmitted via corre-
sponding antennae to a RX. Another type of wireless
communication is multiple-input-multiple-output (MIMO)
in which a TX and RX each respectively includes multiple
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paths such that a TX parallel processes data using a
spatial and time encoding function to produce two or more
streams of data and a RX receives the multiple RF signals
via multiple RX paths that recapture the streams of data
utilizing a spatial and time decoding function.

[0006] In some wireless communication systems,
some devices may communicate with others for various
purposes including those operate based on knowing the
location of one or more of the devices. However, in prior
artsystems, there may be instances in which afirstdevice
may communicate with a second device and the third
device such that the second device and the third device
are not located separately from each other. If and when
the first device attempts to perform certain operations
based on an assumption that the second device and the
third device are located separately from each other, then
such operations may be problematic, erroneous, etc. The
prior art does not present any adequate means by such
a first device can effectively determine when the second
device and the third device are not located separately
from each other.

BRIEF SUMMARY OF THE INVENTION

[0007] According to an aspect, a wireless communica-
tion device comprises:

a communication interface; and
aprocessor, atleast one of the processor or the com-
munication interface configured to:

support first communications with a first other
wireless communication device;

support second communications with a second
other wireless communication device;

process the first communications and the sec-
ond communications to determine whether the
first other wireless communication device and
the second other wireless communication de-
vice are substantially co-located at a physical
location;

process the first communications and the sec-
ond communications based on at least one of a
ranging or a location protocol to determine loca-
tion information of the wireless communication
device when the first other wireless communi-
cation device and the second other wireless
communication device are determined not to be
substantially co-located at the physical location;
and

store information that indicates co-location of
the first other wireless communication device
and the second other wireless communication
device and process the first communications or
the second communications based on the at
least one of the ranging or the location protocol
to determine location information of the wireless
communication device when the first other wire-
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less communication device and the second oth-
er wireless communication device are deter-
mined to be substantially co-located at the phys-

[0012] Advantageously:

the first DLID is included within a first DLID field that

ical location. is included within a first frame of the first communi-
5 cations transmitted from the wireless communication
[0008] Advantageously: device; and
the second DLID is included within a second DLID
the first other wireless communication device is a field that is included within a second frame of the
first virtual or physical wireless communication de- second communications transmitted from the wire-
vice that is located at the physical location; and 10 less communication device.
the second other wireless communication device is
a second virtual or physical wireless communication [0013] Advantageously, the atleast one of the proces-
device that is located at the physical location. sor or the communication interface is further configured
to:
[0009] Advantageously: 15
support third communications with a third other wire-
the first other wireless communication device is a less communication device;
first radio of a multi-radio wireless communication process the third communications to determine
device that is located at the physical location; and whether the third other wireless communication de-
the second other wireless communication device is 20 vice and at least one of the first other wireless com-

a second radio of the multi-radio wireless communi-
cation device that is located at the physical location.

munication device or the second other wireless com-
munication device are substantially co-located at the
physical location;

[0010] Advantageously, the at least one of the proces- when the third other wireless communication device
sor or the communication interface is further configured 25 and the at least one of the first other wireless com-
to: munication device or the second other wireless com-

process the first communications to identify a first
device location identifier (DLID) associated with the

frame of the second communications transmitted
from the wireless communication device.

munication device are determined not to be substan-
tially co-located at the physical location, process the
third communications and at least one of the first

first other wireless communication device; 30 communications or the second communications
process the second communications to identify a based on at least one of the ranging or the location
second DLID associated with the second other wire- protocol to determine the location information of the
less communication device; wireless communication device; and
determine, whenthefirst DLID is same as the second when the third other wireless communication device
DLID, that the first other wireless communicationde- 35 and the at least one of the first other wireless com-
vice and the second other wireless communication munication device or the second other wireless com-
device are substantially co-located at the physical munication device are determined to be substantially
location and store the information that indicates the co-located at the physical location, store information
co-location of the first other wireless communication that indicates co-location of the third other wireless
device and the second other wireless communica- 40 communication device and the at least one of the
tion device; and first other wireless communication device or the sec-
determine, when the first DLID is different than the ond other wireless communication device.
second DLID, that the first other wireless communi-
cation device and the second other wireless com- [0014] Advantageously, the wireless communication
munication device are not substantially co-located 45 device further comprises:
at the physical location.
a wireless station (STA), wherein at least one of the
[0011] Advantageously: first other wireless communication device or the sec-
ond other wireless communication device includes
the first DLID is included within a first DLID informa- 50 an access point (AP).
tion element (IE) or a first sub-IE that is included
within a first frame of the first communications trans- [0015] According to an aspect, a wireless communica-
mitted from the wireless communication device; and tion device comprises:
the second DLID is included within a second DLID
|IE orasecond sub-IE thatis included withinasecond 55 a communication interface that includes a first radio

and a second radio; and
aprocessor, atleast one of the processor or the com-
munication interface configured to:
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transmit a first communication to another wire-
less communication device using the first radio;
transmita second communication to the another
wireless communication device using the sec-

field that is included within the second frame of the
second communication.

vice;

supporting, via the communication interface of the
wireless communication device, second communi-
cations with a second other wireless communication

ond radio, wherein: 5 device;
processing the first communications and the second
a first frame of the first communication in- communications to determine whether the first other
cludes a first device location identifier wireless communication device and the second oth-
(DLID) associated with the first radio; er wireless communication device are substantially
a second frame of the second communica- 70 co-located at a physical location;
tionincludes asecond DLID associated with when the first other wireless communication device
the second radio; and and the second other wireless communication de-
the first DLID and the second DLID indicate vice are determined not to be substantially co-locat-
that the first radio and the second radio are ed at the physical location, processing the first com-
substantially co-located at a physical loca- 15 munications and the second communications based
tion; and on at least one of a ranging or a location protocol to
determine location information of the wireless com-
support other communications with the another munication device; and
communication device based on at least one of when the first other wireless communication device
a ranging or a location protocol for use by the 20 and the second other wireless communication de-
another communication device to determine lo- vice are determined to be substantially co-located at
cation information of the another wireless com- the physical location:
munication device based on other location infor-
mation of the wireless communication device. storing information in memory of the wireless
25 communication device thatindicates co-location
[0016] Advantageously: of the first other wireless communication device
and the second other wireless communication
the first DLID is included within a first DLID informa- device; and
tion element (IE) or a first sub-IE that is included processing the first communications or the sec-
within the first frame of the first communication; and 30 ond communications based on the at least one
the second DLID is included within a second DLID of the ranging or the location protocol to deter-
|IE or a second sub-IE that is included within the sec- mine location information of the wireless com-
ond frame of the second communication. munication device.
[0017] Advantageously: 35 [0021] Advantageously:
the first DLID is included within a first DLID field that the first other wireless communication device is a
is included within the first frame of the first commu- first virtual or physical wireless communication de-
nication; and vice that is located at the physical location; and
the second DLID is included within a second DLID 40 the second other wireless communication device is

a second or physical virtual wireless communication
device that is located at the physical location.

[0018] Advantageously, both the first DLID and the
second DLID include a common plurality of bits. 45
[0019] Advantageously, the wireless communication
device further comprises:

[0022] Advantageously:

the first other wireless communication device is a
first radio of a multi-radio wireless communication
device that is located at the physical location; and
the second other wireless communication device is
a second radio of the multi-radio wireless communi-
cation device that is located at the physical location.

an access point (AP), wherein the another wireless
communication device is a wireless station (STA). 50

[0020] Accordingto an aspect, a method for execution
by a wireless communication device is provided, the
method comprising:

[0023] Advantageously,the method further comprises:

55 processing the first communications to identify a first
device location identifier (DLID) associated with the
first other wireless communication device;
processing the second communications to identify a

supporting, via a communication interface of the
wireless communication device, first communica-
tions with a first other wireless communication de-
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second DLID associated with the second other wire-
less communication device;

determining, when the first DLID is same as the sec-
ond DLID, that the first other wireless communication
device and the second other wireless communica-
tion device are substantially co-located at the phys-
icallocation and storing the information thatindicates
the co-location of the first other wireless communi-
cation device and the second other wireless com-
munication device; and

determining, when the first DLID is different than the
second DLID, that the first other wireless communi-
cation device and the second other wireless com-
munication device are not substantially co-located
at the physical location.

[0024] Advantageously:

the first DLID is included within a first DLID informa-
tion element (IE) or a first sub-IE that is included
within a first frame of the first communications trans-
mitted from the wireless communication device; and
the second DLID is included within a second DLID
|IE or asecond sub-IE thatis included within a second
frame of the second communications transmitted
from the wireless communication device.

[0025] Advantageously,the method further comprises:

supporting, via the communication interface of the
wireless communication device, third communica-
tions with a third other wireless communication de-
vice;

processing the third communications to determine
whether the third other wireless communication de-
vice and at least one of the first other wireless com-
munication device or the second other wireless com-
munication device are substantially co-located at the
physical location;

when the third other wireless communication device
and the at least one of the first other wireless com-
munication device or the second other wireless com-
munication device are determined not to be substan-
tially co-located at the physical location, processing
the third communications and at least one of the first
communications or the second communications
based on at least one of the ranging or the location
protocol to determine the location information of the
wireless communication device; and

when the third other wireless communication device
and the at least one of the first other wireless com-
munication device or the second other wireless com-
munication device are determined to be substantially
co-located at the physical location, storing informa-
tion that indicates co-location of the third other wire-
less communication device and the at least one of
the first other wireless communication device or the
second other wireless communication device.
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[0026] Advantageously, the wireless communication
device is a wireless station (STA), wherein at least one
of the first other wireless communication device or the
second other wireless communication device includes
an access point (AP).

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF
THE DRAWINGS

[0027]

FIG. 1 is a diagram illustrating an embodiment of a
wireless communication system.

FIG. 2 is a diagram illustrating an embodiment of
dense deployment of wireless communication devic-
es.

FIG. 3Ais a diagram illustrating an example of com-
munication between wireless communication devic-
es.

FIG. 3B is a diagram illustrating an example of a
wireless communication device.

FIG. 3C is a diagram illustrating another example of
a wireless communication device.

FIG. 3D is a diagram illustrating another example of
a wireless communication device.

FIG. 4 is a diagram illustrating an example of fine
timing measurement (FTM) frame exchange.

FIG. 5 is a diagram illustrating an example of a wire-
less station (STA) executing FTM with multiple other
wireless communication devices (e.g., STAs and/or
Access points (APs)) sharing the same physical lo-
cation(s).

FIG. 6 is a diagram illustrating another example of a
wireless station (STA) executing FTM with multiple
other wireless communication devices (e.g., STAs
and/or Access points (APs)) sharing the same phys-
ical location(s).

FIG. 7A is a diagram illustrating an example of a
media access control (MAC) frame that includes a
device location identifier (DLID).

FIG. 7B is a diagram illustrating an example of a
media access control (MAC) frame that includes an
information element (IE) or a sub-information ele-
ment (sub-IE).

FIG. 7C is a diagram illustrating an example of use
of a device location identifier (DLID) included within
a device location ID IE.

FIG. 7D is a diagram illustrating an example of use
of a DLID included within a device location ID sub-IE.
FIG. 7E is a diagram illustrating an example of use
ofaDLID included generally as afield within a frame.
FIG. 8 is a diagram illustrating another example of
use of a DLID for wireless local area network
(WLAN/WiFi) location.

FIG. 9 is a diagram illustrating an embodiment of a
method for execution by at least one wireless com-
munication device.



9 EP 2 947 900 A2 10

DETAILED DESCRIPTION

[0028] FIG. 1 is a diagram illustrating an embodiment
of a wireless communication system 100. The wireless
communication system 100 includes base stations
and/or access points 112-116, wireless communication
devices 118-132 (e.g., wireless stations (STAs)), and a
network hardware component 134. The wireless com-
munication devices 118-132 may be laptop computers,
or tablets, 118 and 126, personal digital assistants 120
and 130, personal computers 124 and 132 and/or cellular
telephones 122 and 128. The details of an embodiment
of such wireless communication devices are described
in greater detail with reference to FIG. 3A.

[0029] The base stations (BSs) or access points (APs)
112-116 are operably coupled to the network hardware
134 via local area network connections 136, 138, and
140. The network hardware 134, which may be a router,
switch, bridge, modem, system controller, etc., provides
a wide area network connection 142 for the communica-
tion system 100. Each of the base stations or access
points 112-116 has an associated antenna or antenna
array to communicate with the wireless communication
devicesinits area. Typically, the wireless communication
devices register with a particular base station or access
point 112-116 to receive services from the communica-
tion system 100. For direct connections (i.e., point-to-
point communications), wireless communication devices
communicate directly via an allocated channel.

[0030] Any of the various wireless communication de-
vices (WDEVs) 118-132 and BSs or APs 112-116 may
include a processor and a communication interface to
support communications with any other of the wireless
communication devices 118-132 and BSs or APs
112-116. In an example of operation, a processor and a
communication interface implemented within one of the
devices (e.g., any one of the WDEVs 118-132 and BSs
or APs 112-116) are configured to process at least one
signal received from and/or to generate at least one sig-
nal to be transmitted to another one of the devices (e.g.,
any other one of the WDEVs 118-132 and BSs or APs
112-116).

[0031] Notethatgeneral reference to acommunication
device, such as a wireless communication device (e.g.,
WDEVs) 118-132 and BSs or APs 112-116 in FIG. 1, or
any other communication devices and/or wireless com-
munication devices may alternatively be made generally
herein using the term 'device’ (e.g., with respect to FIG.
2 below, "device 210" when referring to "wireless com-
munication device 210" or "WDEV 210," or "devices
210-234" when referring to "wireless communication de-
vices 210-234"; or with respect to FIG. 3 below, use of
"device 310" may alternatively be used when referring to
"wireless communication device 310", or "devices 390
and 391 (or 390-391)" when referring to wireless com-
munication devices 390 and 391 or WDEVs 390 and
391). Generally, such general references or designations
of devices may be used interchangeably.
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[0032] The processorandthe communicationinterface
of any one of the various devices, WDEVs 118-132 and
BSs or APs 112-116, may be configured to support com-
munications with any other of the various devices,
WDEVs 118-132 and BSs or APs 112-116. Such com-
munications may be uni-directional or bi-directional be-
tween devices. Also, such communications may be uni-
directional between devices at one time and bi-directional
between those devices at another time.

[0033] The device 122 includes a communication in-
terface and the processor, among other possible circuit-
ries, components, elements, etc. to perform various sig-
nal processing operations and to support communica-
tions with other devices. In an example operation, the
device 122 supports first communications with a first oth-
er wireless communication device (e.g., a first BS or AP,
BS_1 or AP_1 114a, that is implemented within BS or
AP 114) and supports second communications with an-
other (e.g., a second other) wireless communication de-
vice (e.g., a second BS or AP, BS_n or AP_n 114n, that
is also implemented within BS or AP 114). Generally, the
BS or AP 114 may be implemented to include multiple
respective other devices therein as shown from BS_1 or
AP_1 114a up to BS_n or AP_n 114n, where n is any
positive integer greater than or equal to 2.

[0034] These first other and second other devices,
114a and 114n, that are implemented within the BS or
AP 114 may be implemented in any of a number of dif-
ferent ways including as different respective physical de-
vices, different respective virtual devices, different re-
spective circuitries or components such as different re-
spective radios, etc. Generally speaking, these first other
and second other devices, 114a and 114n, that are im-
plemented within the BS or AP 114 may support separate
and different communications with other devices includ-
ing the devices 122 and 124.

[0035] In this example operation, when the device 122
supports the first communications with BS_1 or AP_1
114aandthe second communications withBS_nor AP_n
114n, the device 122 processes those first and second
communications to whether or not the BS_1 or AP_1
114a and the BS_n or AP_n 114n are substantially co-
located at a physical location. With respect to being sub-
stantially co-located, this may be with respect to the two
devices,BS_1orAP_1114aandtheBS_norAP_n114n,
being included within a common chassis, a common
housing, a common building, a common installation such
as within afence-enclosed installation thatincludes more
than one wireless communication device therein, a com-
mon equipment room, etc. Also, with respect to being
substantially co-located, this may be with respect to the
two devices, BS_1or AP_1 114aand the BS_nor AP_n
114n, being located within a specified proximity of one
another (e.g., 1 meters, 2 meters, 10 meters, etc. or any
other particularly specified distance or proximity of one
another, generally located within X meters of one anoth-
er, where X is any desired or specified measurement of
distance and which could include distances less than 1
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meter).

[0036] Regardless of the particular manner or condi-
tion used to determine whether or not the BS_1 or AP_1
114a and the BS_n or AP_n 114n are substantially co-
located at a physical location, the device 122 makes a
determination of whether or not the BS_1 or AP_1 114a
and the BS_n or AP_n 114n are substantially co-located
at the physical location.

[0037] When they are determined not to be co-located
at the physical location, the device 122 processes the
first communications and the second communications
based on a ranging and/or a location protocol to deter-
mine location information of the device 122. Alternatively,
when they are determined to be co-located at the physical
location, the device 122 stores information that indicates
co-location of the BS_1 or AP_1 114a and the BS_n or
AP_n 114n, and the device 122 processes the first com-
munications associated with the BS_1 or AP_1 114a or
the second communications associated with the BS_n
or AP_n 114n based on the ranging and/or the location
protocol to determine location information of the device
122.

[0038] In another example of operation and/or another
implementation, the BS or AP 114 includes at least a first
radio and the second radio, as shown by BS_1 or AP_1
114a and the BS_n or AP_n 114n. The BS or AP 114
transmit a first communication to device 122 using the
first radio, BS_1 or AP_1 114a. The BS or AP 114 also
transmits a second communication to device 122 using
the first radio, BS_n or AP_n 114n. In this example, a
first frame of the first communication includes a first de-
vice location identifier (DLID) associated with the first ra-
dio, and a second frame of the second communication
includes a second DLID associated with the second ra-
dio. The first DLID and the second DLID indicate that the
first radio and the second radio are substantially co-lo-
cated at a physical location (e.g., that indicates co-loca-
tion of the BS_1 or AP_1 114a and the BS_n or AP_n
114n). The BS or AP 114 then supports other communi-
cations with the device 122 based on a ranging and/or a
location protocol for use by device 122 to determine lo-
cation information of the device 122 based on other lo-
cation information of the BS or AP 114.

[0039] Also, while a ranging and/or a location protocol
are described and used in one particular example, note
that any other operations or communications that use, at
least in part, information related to or based on knowl-
edge of the co-location or separate location of the BS_1
or AP_1 114a and the BS_n or AP_n 114n may be per-
formed. The use of a ranging and/or a location protocol
is one possible example of such operations, but other
operations that operate based on knowledge of the co-
location or separate location of those other devices may
be performed in other examples.

[0040] FIG. 2 is a diagram illustrating an embodiment
200 of dense deployment of wireless communication de-
vices (shown as WDEV:s in the diagram). Any of the var-
ious WDEVs 210-234 may be access points (APs) or
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wireless stations (STAs). For example, WDEV 210 may
be an AP or an AP-operative STA that communicates
with WDEVs 212, 214, 216, and 218 that are STAs.
WDEV 220 may be an AP or an AP-operative STA that
communicates with WDEVs 222, 224, 226, and 228 that
are STAs. In certain instances, at least one additional AP
or AP-operative STA may be deployed, such as WDEV
230 that communicates with WDEVs 232 and 234 that
are STAs. The STAs may be any type of one or more
wireless communication device types including wireless
communication devices 118-132, and the APs or AP-op-
erative STAs may be any type of one or more wireless
communication devices including as BSs or APs
112-116. Different groups of the WDEVs 210-234 may
be partitioned into different basic services sets (BSSs).
In some instances, at least one of the WDEVs 210-234
are included within at least one overlapping basic serv-
ices set (OBSS) that cover two or more BSSs. As de-
scribed above with the association of WDEVs in an AP-
STA relationship, one of the WDEVs may be operative
as an AP and certain of the WDEVs can be implemented
within the same basic services set (BSS).

[0041] This disclosure presents novel architectures,
methods, approaches, etc. that allow for improved spatial
re-use for next generation WiFi or wireless local area
network (WLAN) systems. Next generation WiFi systems
are expected to improve performance in dense deploy-
ments where many clients and APs are packed in a given
area (e.g., which may be an area [indoor and/or outdoor]
with a high density of devices, such as a train station,
airport, stadium, building, shopping mall, arenas, con-
vention centers, colleges, downtown city centers, etc. to
name just some examples). Large numbers of devices
operating within a given area can be problematic if not
impossible using prior technologies.

[0042] The WDEV 212 includes a communication in-
terface and the processor, among other possible circuit-
ries, components, elements, etc. to perform various sig-
nal processing operations and to support communica-
tions with other devices. In an example operation, the
WDEYV 212 supports first communications with a first oth-
er wireless communication device (e.g., WDEV 210a,
thatis implemented within WDEV 210) and supports sec-
ond communications with another (e.g., a second other)
wireless communication device (e.g., WDEV 210b, that
is also implemented within WDEV 210). Generally, the
WDEV 210 may be implemented to include multiple re-
spective other devices therein as shown from WDEV
210a up to WDEV 210b, where the WDEV 210 includes
generally 2 or more wireless communication devices
therein.

[0043] These first other and second other devices,
WDEYV 210a up to WDEV 210b, that are implemented
within the WDEV 210 may be implemented in any of a
number of different ways including as differentrespective
physical devices, different respective virtual devices, dif-
ferent respective circuitries or components such as dif-
ferent respective radios, etc. Generally speaking, these
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first other and second other devices, WDEV 210a up to
WDEYV 210b, that are implemented within the WDEV 210
may support separate and different communications with
other devices including the device WDEV 212.

[0044] Note that other devices, such as WDEV 230,
may also include 2 or more wireless communication de-
vices therein (e.g., WDEV 230x up to WDEV 230y)). Note
that even other devices, such as WDEV 220, may include
only a single wireless communication device therein.
Generally, the wireless communications may include any
combination of different devices that may respectively
include different numbers and/or types of wireless com-
munication devices therein (e.g., different respective
physical devices, different respective virtual devices, dif-
ferent respective circuitries or components such as dif-
ferent respective radios, etc.).

[0045] In an example operation, when the WDEV 212
support the first communications WDEV 210a and the
second communications with the WDEV 210b, the
WDEYV 212 processes the first communications and the
second communications to determine whether the
WDEV 210a and the WDEV 210n are substantially co-
located at a physical location (e.g., such as based on
sharing or implemented within a common chassis, en-
closure, housing, building, installation, equipment room,
etc. and/or being located within a given proximity to one
another such as X meters, where X is any desired are
specified measurement of distance used to define co-
location, approximate co-location, substantial co-loca-
tion, etc.).

[0046] When the WDEV 212 determines that the
WDEV 210a and the WDEV 210b are not substantially
co-located at the physical location, the WDEV 212 proc-
ess the first communications and the second communi-
cations based on a ranging and/or a location protocol to
determine location information of the WDEV 212. Alter-
natively, when the WDEV 212 determines that the WDEV
210a and the WDEV 210b are substantially co-located
atthe physical location, the WDEV 212 stores information
that indicates the co-location of the WDEV 210a and the
WDEV 210b (e.g., such as both being included within
WDEV 210). The WDEV 212 then processes the first
communications associated with the WDEV 210a or the
second communications associated with the WDEV
210b to determine location information of the WDEV 212
(e.g., by based on a ranging and/or location protocol).
[0047] This disclosure presents novel means by which
wireless local area network (WLAN/WiFi) technology
(e.g., such as associated with any various IEEE 802.11
related standards, recommended practices, and/or com-
munication protocols) may be used to obtain a WLAN
device’s location or range with respect to another WLAN
device such as a peer WLAN device. When a WLAN
device (e.g., a wireless station (STA), which may be re-
ferred to as STAO) obtains its range estimate to multiple
peer WLAN devices (e.g., access points (APs) such as
APO, AP1, ... APn) that have different physical locations,
it (e.g., STAO) can compute its own location if it also
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knows the locations of the multiple peer devices (e.g.,
APO, AP1,..APn) (e.g., triangulation and/or other
means).

[0048] In order to obtain the range estimate to a peer
WLAN device, a WLAN device may exchange frames,
denoted as Location Traffic throughout this document,
with its peer device. The Fine Timing Measurement
(FTM) protocol is defined in REFERENCE [1], which is
incorporated herein by reference in its entirety and made
part of the present U.S. Utility Patent Application for all
purposes, and which allows a device (e.g., an non-AP
STA, denoted as an Initiating STA) to estimate its range
to a peer device (e.g., an AP, denoted as Responding
STA).

[1] IEEE P802.11-REVmc/D2.8, IEEE Standard for
Information Technology-Telecommunications and
information exchange between systems, local and
metropolitan area networks - Specific requirements,
Part 11: Wireless LAN Medium Access Control
(MAC) and Physical Layer (PHY) Specifications.

[0049] When there are multiple virtual devices config-
ured at a single physical peer device and/or location,
each of the multiple virtual devices may advertise its sup-
port of a range and/or location protocol (e.g., the FTM
protocol) individually although all of them have the same
physical location.

[0050] Examples ofthe multiple virtual devices at a sin-
gle physical device may include: (1) Implementation/con-
figuration of multiple BSSIDs (Basic Service Set Identi-
fiers) ata single AP (Access Point) device, (2) Multi-radio,
multiple-band-operation supported at a single device,
and/or (3) other possible configurations.

[0051] As a result, a WLAN device (e.g., STAO) may
estimate its range with each of the virtual devices (e.g.,
APO_0, APO_1, ..., APO_m) by executing a ranging/loca-
tion protocol with multiple of the virtual devices that share
the same physical location. This leads to the same range
estimate with one physical device, creates unnecessary
Location Traffic that increases the network congestion,
and wastes the spectrum resource.

[0052] The FTM (Fine Timing Measurement) protocol
is an example ranging protocol defined in the latest
802.11 draft standards [1]. However, [1] lacks a mecha-
nism to prevent a device from performing range estimate
(andlocation) using FTM with multiple virtual devices that
share the same physical location.

[0053] This disclosure presents novel methods to en-
able a WLAN device to avoid executing range/location
protocol with each of the multiple virtual devices that
share the physical location.

[0054] As aresult, the described methods include var-
ious approaches to: (1) Eliminate unnecessary Location
Traffic to reduce network congestion, (2) Eliminate un-
necessary resource demand at WLAN devices when per-
forming WLAN location, and (3) Improve the efficient use
of spectrum while performing ranging/location.
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[0055] FIG.3Aisadiagramillustratingan example 301
of communication between wireless communication de-
vices. A wireless communication device 310 (e.g., which
may be any one of devices 118-132 as with reference to
FIG. 1) is in communication with another wireless com-
munication device 390 via a transmission medium. The
wireless communication device 310 includes a commu-
nication interface 320 to perform transmitting and receiv-
ing of at least one packet or frame (e.g., using a trans-
mitter 322 and a receiver 324) (note that general refer-
ence to packet or frame may be used interchangeably).
[0056] Generally speaking, the communication inter-
face 320 is implemented to perform any such operations
of an analog front end (AFE) and/or physical layer (PHY)
transmitter, receiver, and/or transceiver. Examples of
such operations may include any one or more of various
operations including conversions between the frequency
and analog or continuous time domains (e.g., such as
the operations performed by a digital to analog converter
(DAC) and/or an analog to digital converter (ADC)), gain
adjustment including scaling, filtering (e.g., in either the
digital or analog domains), frequency conversion (e.g.,
such as frequency upscaling and/or frequency downs-
caling, such as to a baseband frequency at which one or
more of the components of the device 310 operates),
equalization, pre-equalization, metric generation, sym-
bol mapping and/or de-mapping, automatic gain control
(AGC) operations, and/or any other operations that may
be performed by an AFE and/or PHY component within
a wireless communication device.

[0057] The wireless communication device 310 also
includes a processor 330, and an associated memory
340, to execute various operations including interpreting
at least one signal, symbol, packet, and/or frame trans-
mitted to wireless communication device 390 and/or re-
ceived from the wireless communication device 390
and/or wireless communication device 391. The wireless
communication devices 310 and 390 (and/or 391) may
be implemented using at least one integrated circuit in
accordance with any desired configuration or combina-
tion of components, modules, etc. within at least one in-
tegrated circuit. Also, the wireless communication devic-
es 310, 390, and 391 may each include one or more
antennas for transmitting and/or receiving of at least one
packet or frame (e.g., WDEV 390 may include m anten-
nae, and WDEV 391 may include n antennae).

[0058] Inanexample of operation, the device 310 sup-
port first communications with a first other wireless com-
munication device (device 390) and support second com-
munications with a second other wireless communication
device (device 391).) and support second communica-
tions with a second other wireless communication device
(device 391). The device 310 processes the first com-
munications and the second communications to deter-
mine whether the first other wireless communication de-
vice and the second other wireless communication de-
vice are substantially co-located at a physical location.
The device 310 then processes the first communications
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and the second communications based on at least one
of a ranging or a location protocol to determine location
information of the wireless communication device when
the first other wireless communication device 390 and
the second other wireless communication device 391 are
determined notto be substantially co-located at the phys-
ical location. The device 310 then stores information that
indicates co-location of the first other wireless commu-
nication device and the second other wireless commu-
nication device when the first other wireless communi-
cation device 390 and the second other wireless com-
munication device 391 are determined to be substantially
co-located at the physical location. The device 310 then
processes the first communications associated with the
first other wireless communication device 390 or the sec-
ond communications associated with the second other
wireless communication device 391 to determine loca-
tion information of the device 310 (e.g., by based on a
ranging and/or location protocol).

[0059] When the first other wireless communication
device 390 and the second other wireless communication
device 391 are substantially co-located at the physical
location, note that the first other wireless communication
device 390 and the second other wireless communication
device 391 may be first and second virtual wireless com-
munication devices, respectively. They may alternatively
be first and second radios of a multi-radio wireless com-
munication device, respectively. They may alternatively
be entirely first and second separate wireless communi-
cation devices that are sharing or implemented within a
common chassis, enclosure, housing, building, installa-
tion, equipment room, etc. and/or being located within a
given proximity to one another such as X meters, where
X is any desired are specified measurement of distance
used to define co-location, approximate co-location, sub-
stantial co-location, etc.

[0060] The device 310 may process the first and sec-
ond communications to identify device location identifiers
(DLIDs) therein. For example, the device 310 maybe im-
plemented to process the first communications to identify
a first device location identifier (DLID) associated with
the first other wireless communication device 390 and to
process the second communications to identify a second
DLID associated with the second other wireless commu-
nication device 391.

[0061] The device 310 then determines, when the first
DLID is same as the second DLID, that the first other
wireless communication device and the second other
wireless communication device are substantially co-lo-
cated at the physical location and store the information
that indicates the co-location of the first other wireless
communication device 390 and the second other wireless
communication device 391. The device 310 then proc-
esses first communications associated with the first other
wireless communication device 390 or second commu-
nications associated with the second other wireless com-
munication device 391 to determine location information
of the device 310 (e.g., by based on a ranging and/or
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location protocol).

[0062] Alternatively, the device 310 then determines,
when the first DLID is different than the second DLID,
that the first other wireless communication device 390
and the second other wireless communication device 391
are not substantially co-located at the physical location.
[0063] Generally speaking, such DLID related informa-
tion may be implemented within communications,
frames, signals, etc. that are transmitted between devic-
es in any of a variety of ways including information ele-
ments (IEs), sub-information element (sub-IEs), fields,
etc.

[0064] In one example, the device 310 processes the
first communications to identify a first device location
identifier (DLID) associated with the first other wireless
communication device 390 and processes the second
communications to identify a second DLID associated
with the second other wireless communication device
391. The device 310 then determines, when the first DLID
is same as the second DLID, that the first other wireless
communication device 390 and the second other wireless
communication device 391 are substantially co-located
at the physical location and stores the information that
indicates the co-location of the first other wireless com-
munication device 390 and the second other wireless
communication device 391. The device 310 then proc-
esses first communications associated with the first other
wireless communication device 390 or second commu-
nications associated with the second other wireless com-
munication device 391 to determine location information
of the device 310 (e.g., by based on a ranging and/or
location protocol).

[0065] Alternatively, when the device 310 then deter-
mines that the first DLID is different than the second
DLID, the device 310 then determines that the first other
wireless communication device 390 and the second other
wireless communication device 391 are not substantially
co-located at the physical location.

[0066] Also, note that the device 310 may supportsuch
communications generally with any number of other wire-
less communication devices (e.g., up to n other wireless
communication devices, where n is any positive integer
greaterthan orequal to 2). The operations and processes
described in which the device 310 determines whether
or not the first other wireless communication device 390
and the second other wireless communication device 391
are substantially co-located at the physical location may
be repeated in performed separately with respect any
number of other wireless communication devices as well.
Note also that the various devices 310, 390, 391 may be
any type of wireless communication devices including
those described with respect to FIG. 1 and may include
one or more of a wireless station (STA) and/or an access
point (AP).

[0067] FIG.3Bisadiagramillustratingan example 302
of a wireless communication device. In another example,
a device 310-1 may be implemented to include two or
more separate wireless communication devices therein
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such as including two or more separate communication
interfaces 320 through 320-1 (e.g., where the communi-
cation interface 320-1 includes TX 322-1 and RX 423-1),
two or more processors 330 through 330-1, two or more
memories 340 through 340-1. In such an example, the
device 310-1 includes multiple instantiations of the cir-
cuitries, components, elements, etc. shown within the
device 310 of FIG. 3A.

[0068] In this example, the device 310-1 transmits a
first communication to another wireless communication
device (e.g., device 390) using the first communication
interface 320 and transmits a second communication to
the another wireless communication device (e.g., device
390) using the first communication interface 320-1. A first
frame of the first communication includes a first device
location identifier (DLID) associated with the first com-
munication interface 320, and a second frame of the sec-
ond communication includes a second DLID associated
with the second communication interface 320-1. The first
DLID and the second DLID indicate that the first commu-
nication interface 320 and the second communication
interface 320-1 are substantially co-located at a physical
location (e.g., such as when the first DLID and the second
DLID are same, identical, etc.).

[0069] Note that while some examples herein de-
scribed hereininclude a first DLID included in afirst frame
and a second DLID included in a second frame, in gen-
eral, both the first and second DLIDs can be included in
any frame, packet, signal, etc. sent by the different re-
spective devices in any desired example (e.g., including
different respective devices included within a common
chassis, a common housing, a common building, etc.).
[0070] The device 310-1 then supports other commu-
nications with the another communication device (e.g.,
device 390) based on a ranging and/or a location protocol
for use by the another communication device (e.g., de-
vice 390) to determine location information of the another
wireless communication device (e.g., device 390) based
on other location information of the wireless communi-
cation device 310-1. In such an example, note that the
another wireless communication device (e.g., device
390) can perform such a process with multiple (e.g., two
or more) other devices to determine location of the an-
other wireless communication device (e.g., device 390).
This is also the case with respect to the example 303 of
FIG. 3C andthe example 304 of FIG. 3D described below.
[0071] FIG. 3C is a diagram illustrating another exam-
ple 303 of a wireless communication device. In another
example, a device 310-2 may be implemented to include
a single communication interface 320, two or more virtual
processors 330a through 330b implemented within proc-
essor 330, and memory 340.

[0072] In this example, the device 310-2 transmits, via
the virtual processor 330a, a first communication to an-
other wireless communication device (e.g., device 390)
using the communication interface 320 and transmits a
second communication, via the virtual processor 330b,
to the another wireless communication device (e.g., de-
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vice 390) using the communication interface 320. A first
frame of the first communication includes a first DLID
associated with the virtual processor 330a, and a second
frame of the second communication includes a second
DLID associated with the virtual processor 330b. The first
DLID and the second DLID indicate that the virtual proc-
essor 330a and the virtual processor 330b are substan-
tially co-located at a physical location (e.g., such as when
the first DLID and the second DLID are same, identical,
etc.).

[0073] The device 310-2 then supports other commu-
nications with the another communication device (e.g.,
device 390) based on aranging and/or a location protocol
for use by the another communication device (e.g., de-
vice 390) to determine location information of the another
wireless communication device (e.g., device 390) based
on other location information of the wireless communi-
cation device 310-2.

[0074] FIG. 3D is a diagram illustrating another exam-
ple 304 of a wireless communication device. In another
example, a device 310-3 may be implemented to include
a first communication interface 320-1 through an n-th
com interface 320-n such as implemented within the
communication interface 320, a processor 330, and
memory 340. In such an example, the device 310-3 trans-
mits, via the first communication interface 320-1, a first
communication to another wireless communication de-
vice (e.g., device 390) using the communication interface
320 and transmits a second communication, via another
communication interface 320-n, to the another wireless
communication device (e.g., device 390) using the com-
munication interface 320. A first frame of the first com-
munication includes a first DLID associated with the first
communication interface 320-1, and a second frame of
the second communication includes a second DLID as-
sociated with the another communication interface 320-
n. The first DLID and the second DLID indicate that the
firstcommunication interface 320-1 and the another com-
munication interface 320-1 are substantially co-located
at a physical location (e.g., such as when the first DLID
and the second DLID are same, identical, etc.).

[0075] The device 310-3 then supports other commu-
nications with the another communication device (e.g.,
device 390) based on aranging and/or a location protocol
for use by the another communication device (e.g., de-
vice 390) to determine location information of the another
wireless communication device (e.g., device 390) based
on other location information of the wireless communi-
cation device 310-3.

[0076] Generally speaking, a given device may be im-
plemented in any of a number of different architectures,
configurations, etc. in which different respective physical
devices, virtual devices, circuitries, radios, components,
etc. therein may support communications and indicate
that those respective different physical devices, virtual
devices, circuitries, radios, components, etc. therein are
substantially co-located (e.g., such as based on sharing
or implemented within a common chassis, enclosure,
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housing, building, installation, equipment room, etc.
and/or being located within a given proximity to one an-
other such as X meters, where X is any desired are spec-
ified measurement of distance used to define co-location,
approximate co-location, substantial co-location, etc.)
[0077] FIG. 4 is a diagram illustrating an example 400
of fine timing measurement (FTM) frame exchange. This
diagram is an illustration of the FTM protocol described
in [1] (cited above). An Initiating STA requests the Re-
sponding STA to transmit FTM frames which contain the
timestamps t1 and t4, so that the Initiating STA can com-
pute its range to the Responding STA by the method of
RTT (Round trip time).

[0078] The Fine Timing Measurement (FTM) allows a
wireless station (STA) (e.g., a wireless communication
device) to accurately measure the Round Trip Time
(RTT) between it (e.g., STA2, initiating STA, shown as
located on right hand side) and another STA (e.g., STA1,
responding STA, shown as located on left hand side).
Generally, an initiating wireless communication device
(e.g., STA2) transmits a FTM request to a responding
wireless communication device (e.g., STA1). The re-
sponding wireless communication device (e.g., STA1)
then generates and transmits a response to the FTM re-
quest frame (e.g., which may be referred to as an 'FTM
response’ or generally as a 'response’ or a 'response to
the FTM request frame’) to the initiating wireless com-
munication device (e.g., STA2) (e.g., such as shown as
a Response in this diagram). Note that the response to
the FTM request frame may be generated and transmit-
ted using any of a number of different means. In one
example, the response to the FTM request may be pig-
gybacked within an FTM frame (e.g., FTM_1).

[0079] In another example, the response to the FTM
request frame may be a general response. One example
of a response to the FTM request frame includes an ac-
knowledgement (ACK) frame. In another example, the
response to the FTM request frame may be included with-
in a block acknowledgement (BACK) frame. In yet an-
other example, the response to the FTM request frame
may be an FTM acknowledgement (ACK) frame. In an-
other example, the response to the FTM request frame
may be piggybacked onto or included within any other
frame (e.g., besides an FTM frame) transmitted from the
wireless communication device to the other wireless
communication device via the communication interface.
Any desired form of response may be used to generate
and transmit the response to the FTM request frame to
the other wireless communication device.

[0080] The initiating wireless communication device
(e.g., STA2) and the responding wireless communication
device (e.g., STA1) make various subsequent frame ex-
changes (e.g., FTM frames) of FTM_m, FTM_(m+1),
FTM_(m+2), etc. and acknowledgements (ACKs) to the
FTM frames. Considering anexample of FTM_1,FTM_2,
and FTM_3, the responding wireless communication de-
vice (e.g., STA1) transmits the FTM_m frame, which in-
cludes t1(m-1) and t4_(m-1) in its payload, after trans-
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mitting a response to the FTM request to the initiating
wireless communication device (e.g., STA2) inresponse
to the FTM request received from the initiating wireless
communication device (e.g., STA2). The time t1_m cor-
responds to the transmission time of the mth FTM frame
captured by the responding STA1, the time t2_m corre-
sponds to the reception time of the mth FTM frame cap-
tured by the initiating STA2, the time t3_m corresponds
to the transmission time of the ACK frame in response
to the mth FTM frame captured by the initiating STA2,
and t4_m corresponds to the reception time of the ACK
frame that is in response to the mth FTM frame captured
by the responding STA1.

[0081] The responding wireless communication de-
vice (e.g., STA1) provides additional FTM frames (e.g.,
(m+1)th FTM frame, denoted as FTM_(m+1), (m+2)th
FTM frame, denoted as FTM_(m+2), etc.) to the initiating
wireless communication device (e.g., STA2) thatindicate
additional respective transmission times of the corre-
sponding FTM frames and the reception times the cor-
responding ACKs. The initiating wireless communication
device (e.g., STA2) transmits additional ACKs in re-
sponse to these additional received FTM frames and cap-
tures additional respective reception times of the corre-
sponding FTM frames and transmission times of the cor-
responding ACK.

[0082] Note that alternative implementations of this
FTM frame exchange may be performed that includes
transmitting modified beacons, other signals, and/or oth-
er types of frames that include FTM related information
and/or timestamps related information, and responses
to such modified beacons, other signals, or other types
of frames may also have various forms (e.g., acknowl-
edgement (ACK), null data packet (NDP), other signals,
or other types of frames).

[0083] In an example of operation, the device 310 is
the initiating STA and the device 390 is the responding
STA. When the device 310 has determined that the de-
vice 391 is a separate and distinct wireless communica-
tion device and not substantially co-located with another
device and the device 391 can be used to perform such
an FTM frame exchange, then the device 310 (the initi-
ating STA) executes the FTM frame exchange with the
device 390 (the responding STA). Note that whichever
device is an initiator of such a process can perform such
a process with multiple (e.g., two or more) other devices
to determineits location (e.g., such as based on aranging
and/or a location protocol).

[0084] FIG. 5is a diagrami illustrating an example 500
of a wireless station (STA) executing FTM with multiple
otherwireless communication devices (e.g., STAs and/or
Access points (APs)) sharing the same physical loca-
tion(s).

[0085] Ifthe Responding STA (e.g., APQ) as a physical
device has multiple virtual devices (e.g., APO_1 up to
APO_m, where m is any positive integer greater than or
equal to 2), and more than one of these multiple virtual
devices advertise the support of the FTM capability, the
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Initiating STA (e.g., STAO) may initiate the FTM proce-
dure with each of the FTM capable virtual device, despite
the fact that the Initiating STA has the same range with
these multiple virtual devices.

[0086] The method described in this disclosure ena-
bles the Initiating STA (e.g., STAO) to identify all the mul-
tiple virtual devices (e.g., APO_1 ... APO_m) that share a
single physical location, so that it only initiates the FTM
procedure with one of the multiple devices. For example,
afirst wireless communication device (e.g., APQ) is a first
physical device that includes a first set of virtual devices
(e.g., AP0_2 ... AP0_m), and a second wireless commu-
nication device (e.g., AP1) is a second physical device
that includes a second set of virtual devices (e.g., AP1_1
up to AP1_n, where nis any positive integer greater than
or equal to 2).

[0087] FIG. 6is adiagramiillustrating another example
600 of a wireless station (STA) executing FTM with mul-
tiple other wireless communication devices (e.g., STAs
and/or Access points (APs)) sharing the same physical
location(s). This diagram shows a first building, chassis,
etc. that includes a first set of physical wireless commu-
nication devices (e.g., AP1-1 up to AP1-m, where m is
any positive integer greater than or equal to 2)), and a
second building, chassis, etc. thatincludes a second set
of physical wireless communication devices (e.g., AP2-1
up to AP2-n, where n is any positive integer greater than
or equal to 2)).

[0088] As described above, different types of informa-
tion may be included within communications that are
transmitted between wireless indication devices to indi-
cate device location and/or co-location with other devic-
es. For example, a device location identifier (DLID) as-
sociated with a given device, whether physical or virtual,
can be included within communications provided from
that given device. Generally speaking, a DLID is an iden-
tifier that identifies all virtual devices that share the same
physical location (e.g., APO_1 ... APO_m as illustrated in
FIG. 5 share the same Device Location ID or DLID).
[0089] As such, different DLIDs can be used to differ-
entiate different respective devices with different physical
locations.

[0090] Some example formats (e.g., encoding meth-
ods) for the DLID as described as follows:

1. Option 1: Device Location ID = BSSID of one of
the virtual devices supported at a physical device.
This Option 1 guarantees the uniqueness of the ID
or DLID.

2. Option 2: Device Location ID = a 2- or 3-octet
random value generated locally by the device. Rel-
ative to Option 1, Option 2 provides alower overhead
due to the reduced size; the collision probability in
one geographical area is sufficientlow. Other length,
including a non-integer number of octets, (e.g., 4-
octetor2.5-octets) can be used forthe randomvalue,
without a loss of generality. The selection of the
length is a tradeoff between the probability of value
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collision and the transmit overhead size.

[0091] In some instances, the DLID is included in
frames transmitted for the ranging and/or location pur-
poses. For example, the DLID may be included within
communications as follows:

1. Include Device Location ID in the frames that ad-
vertise the ranging/location capability of each virtual
device (e.g., AP0_0, APO_1,... APO_m, AP1_1
through AP1_n FIG. 5). One possible example is us-
ing beacon frames (e.g., transmitted by APO_1
through APO_m or from AP1_1 ... AP1_nas in FIG.
5 or transmitted by AP0_1 through APO_m or from
AP1 _1 through AP1_n as in FIG. 6). Another pos-
sible example is using probe responses frame (e.qg.,
transmitted by APO_1 through APO_m or from
AP1_1 ... AP1_n as in FIG. 5 or transmitted by
APO_1 through APO_m or from AP1_1 through
AP1_nasin FIG. 6).

2. Include Device Location ID in the frames that
transmit the location information (e.g., LCI (Location
Configuration Information)) of a particular wireless
local area network (WLAN/WiFi) device. Example
frames may be those that transmit the Location in-
formation (e.g., LCI) may include Neighbor Report
frame, LCI Report frame, FTM frame, and/or Access
Network Query Protocol (ANQP) Response frame.

[0092] Note that such a device location identifier
(DLID) or Device Location ID can be included in any of
a number of different forms within communications in-
cluding Information Element (IE), Sub-Information Ele-
ment, frame field, frame sub-field or other suitable data
structure in other appropriate frames.

[0093] For example, a first DLID associated with first
wireless communication device (e.g., whether physical
or virtual) may be included within a first DLID information
element (IE) or a first sub-IE that is included within a first
frame of first communications transmitted from a wireless
communication device, and a second DLID associated
with second wireless communication device (e.g., wheth-
er physical or virtual) is included within a second DLID
IE or a second sub-IE that is included within a second
frame of second communications transmitted from the
wireless communication device.

[0094] Alternatively, a first DLID associated with first
wireless communication device (e.g., whether physical
or virtual) may be included within a first DLID field that is
included within a first frame of the first communications
transmitted from the wireless communication device, and
a second DLID associated second first wireless commu-
nication device (e.g., whether physical or virtual) is in-
cluded within a second DLID field that is included within
a second frame of second communications transmitted
from the wireless communication device.

[0095] FIG.7Aisadiagramillustratingan example 701
of a media access control (MAC) frame that includes a
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device location identifier (DLID). Generally speaking, a
frame (e.g., MAC frame) employed within such wireless
communications can be implemented to include the fol-
lowing basic components: media access control (MAC)
header, a variable length frame body, and a frame check
sequence (FCS).

[0096] In certain embodiments, the MAC header in-
cludes fields for each of frame control (FC), duration
(DUR/ID), address (e.g., receiver and/or transmitter ad-
dresses), sequence control information, optional Quality
of Service (QoS) Control information (e.g., for QoS data
frames only), and HT Control fields (+HTC frames only)
(optional fields). Note that such a frame structure is illus-
trative and an example of such a frame structure, and
alternative embodiments of frame structures may also
be employed.

[0097] FIG.7Bisadiagramillustratingan example 702
of a media access control (MAC) frame that includes an
information element (IE) or a sub-information element
(sub-IE). This diagram has some similarities to FIG. 7A.
The body can include one or more information elements
(IEs). In some instances, an IE can include one or more
sub-information elements (sub-IEs).

[0098] FIG.7Cisadiagramillustratinganexample703
of use ofadevice location identifier (DLID) included within
a device location ID IE. A DLID is included as 6 (or some
other number) octets (e.g., depending on the encoding
method used) and is preceded by an element identifier
(ID) field of 1 octet and a length field of 1 octet.

[0099] FIG.7Disadiagramillustratingan example 704
of use of a DLID included within a device location ID sub-
IE. ADLID isincluded as 6 (or some other number) octets
(e.g., depending on the encoding method used) and is
preceded by a sub-element identifier (ID) field of 1 octet
and a length field of 1 octet.

[0100] FIG.7Eisadiagramillustratinganexample 705
of use of a DLID included generally as a field within a
frame. A DLID field is included as 6 (or some other
number) octets or 48 (or some other number) bits (e.g.,
depending on the encoding method used).

[0101] FIG. 8is adiagramiillustrating another example
800 of use of a device location identifier (ID) for wireless
local area network (WLAN/WiFi) location. When a device
examines the DLID, the initiating STA (e.g. STAOQ) avoids
attempting to execute the FTM (or other ranging and/or
location protocol) with the multiple virtual or physical de-
vices (e.g., AP0_0, APO_1, ... AP0_m) that share the
same physical address. Examples are shown in the table
in this diagram. Note that it may be assumed that the
physical device APO contains virtual or physical device
APO_0 and APO_1, and the physical device AP_1 con-
tains virtual device AP1_0 and AP1_1 in such an exam-
ples 705 as shown in FIG. 7E. Note that such sub-sys-
tems, sub-devices, etc. within a physical device that
share the same location (e.qg., are substantially co-locat-
ed) can be virtual devices or physical devices.

[0102] Note also that while various examples herein
use the terminology of device location identifier (DLID),
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any label of the information that conveys such location
identification information may be used in alternative ex-
amples. For example, the format (or encoding method)
of DLID or Device Location ID can be different from the
description provided above. DLID or Device Location ID
can be used for a ranging/location protocol that is differ-
ent from the FTM protocol. DLID or Device Location ID
can be included in an Information Element (IE), Sub-In-
formation Element (sub-IE), frame field, frame sub-field
or other suitable data structure of suitable frames, without
a loss of generality. Note also that various aspects, em-
bodiments, and/or their equivalents, of the invention are
applicable to all IEEE 802.11 or WLAN operation bands
(e.g., 2.4GHz, 5GHz, 60GHz, 900 MHz, or TV white
space, etc.) and/or any other frequencies, bands, chan-
nels, etc. that may be used within any wireless commu-
nication systems and within any other wireless commu-
nication standards, protocols, and/or recommended
practices. Note also that various aspects, embodiments,
and/or their equivalents, of the invention are applicable
to any pair of distinct WLAN devices, regardless of top-
ological roles or relationships. DLID or Device Location
ID can be used to identify the multiple virtual devices that
share the same physical location in use cases other than
ranging/location.

[0103] FIG. 9 is a diagram illustrating an embodiment
of a method 900 for execution by at least one wireless
communication device. The method 900 operates by
supporting, via a communication interface of the wireless
communication device, first communications with a first
other wireless communication device (block 910). The
method 900 also operates by supporting, via the com-
munication interface of the wireless communication de-
vice, second communications with a second other wire-
less communication device (block 920).

[0104] The method 900 continues by processing the
first communications and the second communications to
determine whether the first other wireless communica-
tion device and the second other wireless communication
device are substantially co-located at a physical location
(block 930). In some examples, this can be performed
by verifying whether a first device location identifier
(DLID) of first communication(s) matches, is same as, or
identical to a second DLID of second communication(s).
Such first communication(s) may be received from the
first other wireless communication device, and such sec-
ond communication(s) may be received from the second
other wireless communication device).

[0105] When the first other wireless communication
device and the second other wireless communication de-
vice are determined not to be substantially co-located at
the physical location (e.g., does not compare favorably
as determined in the decision block 940), the method 900
continues by processing the first communications and
the second communications based on at least one of a
ranging or alocation protocol to determine location infor-
mation of the wireless communication device (block 950).
[0106] When the first other wireless communication
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device and the second other wireless communication de-
vice are determined to be substantially co-located at the
physical location (e.g., compares favorably as deter-
mined in the decision block 940), the method 900 con-
tinues by storing information in memory of the wireless
communication device that indicates co-location of the
first other wireless communication device and the second
other wireless communication device (block 960). The
method 900 then continues by processing the first com-
munications or the second communications based on the
at least one of the ranging or the location protocol to
determine location information of the wireless communi-
cation device (block 970).

[0107] Itis noted that the various operations and func-
tions described within various methods herein may be
performed within a wireless communication device (e.g.,
such as by the processor 330, communication interface
320, and memory 340 as described with reference to
FIG. 3A) and/or other components therein. Generally, a
communication interface and processor in a wireless
communication device can perform such operations.
[0108] Examples of some components may include
one of more baseband processing modules, one or more
media access control (MAC) layer components, one or
more physical layer (PHY) components, and/or other
components, etc. For example, such a processor can
perform baseband processing operations and can oper-
ate in conjunction with a radio, analog front end (AFE),
etc. The processor can generate such signals, packets,
frames, and/or equivalents etc. as described herein as
well as perform various operations described herein
and/or their respective equivalents.

[0109] In some embodiments, such a baseband
processing module and/or a processing module (which
may be implemented in the same device or separate de-
vices) can perform such processing to generate signals
for transmission to another wireless communication de-
vice using any number of radios and antennae. In some
embodiments, such processing is performed coopera-
tively by a processor in a first device and another proc-
essor within a second device. In other embodiments,
such processing is performed wholly by a processor with-
in one device.

[0110] As may be used herein, the terms "substantial-
ly" and "approximately" provides an industry-accepted
tolerance for its corresponding term and/or relativity be-
tween items. Such an industry-accepted tolerance rang-
es from less than one percent to fifty percent and corre-
sponds to, but is not limited to, component values, inte-
grated circuit process variations, temperature variations,
rise and fall times, and/or thermal noise. Such relativity
between items ranges from a difference of a few percent
to magnitude differences. As may also be used herein,
the term(s) "configured to," "operably coupled to," "cou-
pled to," and/or "coupling" includes direct coupling be-
tween items and/or indirect coupling between items via
an intervening item (e.g., an item includes, but is not lim-
ited to, acomponent, an element, a circuit, and/or a mod-
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ule) where, for an example of indirect coupling, the inter-
vening item does not modify the information of a signal
butmay adjustits current level, voltage level, and/or pow-
er level. As may further be used herein, inferred coupling
(i.e., where one element is coupled to another element
by inference) includes direct and indirect coupling be-
tween two items in the same manner as "coupled to". As
may even further be used herein, the term "configured
to," "operable to," "coupled to," or "operably coupled to"
indicates that an item includes one or more of power con-
nections, input(s), output(s), etc., to perform, when acti-
vated, one or more its corresponding functions and may
further include inferred coupling to one or more other
items. As may still further be used herein, the term "as-
sociated with," includes direct and/or indirect coupling of
separate items and/or one item being embedded within
another item.

[0111] As may be used herein, the term "compares
favorably" or equivalent, indicates that a comparison be-
tween two or more items, signals, etc., provides a desired
relationship. For example, when the desired relationship
is that signal 1 has a greater magnitude than signal 2, a
favorable comparison may be achieved when the mag-
nitude of signal 1 is greater than that of signal 2 or when
the magnitude of signal 2 is less than that of signal 1.
[0112] Asmayalsobe used herein,the terms "process-
ing module," "processing circuit," "processor," and/or
"processing unit" may be a single processing device or
a plurality of processing devices. Such a processing de-
vice may be a microprocessor, micro-controller, digital
signal processor, microcomputer, central processing
unit, field programmable gate array, programmable logic
device, state machine, logic circuitry, analog circuitry,
digital circuitry, and/or any device that manipulates sig-
nals (analog and/or digital) based on hard coding of the
circuitry and/or operational instructions. The processing
module, module, processing circuit, and/or processing
unit may be, or further include, memory and/or an inte-
grated memory element, which may be a single memory
device, a plurality of memory devices, and/or embedded
circuitry of another processing module, module, process-
ing circuit, and/or processing unit. Such a memory device
may be a read-only memory, random access memory,
volatile memory, non-volatile memory, static memory,
dynamic memory, flash memory, cache memory, and/or
any device that stores digital information. Note that if the
processing module, module, processing circuit, and/or
processing unit includes more than one processing de-
vice, the processing devices may be centrally located
(e.g., directly coupled together via a wired and/or wireless
bus structure) or may be distributedly located (e.g., cloud
computing via indirect coupling via a local area network
and/or a wide area network). Further note that if the
processing module, module, processing circuit, and/or
processing unit implements one or more of its functions
via a state machine, analog circuitry, digital circuitry,
and/or logic circuitry, the memory and/or memory ele-
ment storing the corresponding operational instructions
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may be embedded within, or external to, the circuitry com-
prising the state machine, analog circuitry, digital circuit-
ry, and/or logic circuitry. Still further note that, the memory
element may store, and the processing module, module,
processing circuit, and/or processing unit executes, hard
coded and/or operational instructions corresponding to
at least some of the steps and/or functions illustrated in
one or more of the Figures. Such a memory device or
memory element can be included in an article of manu-
facture.

[0113] One or more embodiments of an invention have
been described above with the aid of method steps illus-
trating the performance of specified functions and rela-
tionships thereof. The boundaries and sequence of these
functional building blocks and method steps have been
arbitrarily defined herein for convenience of description.
Alternate boundaries and sequences can be defined so
long as the specified functions and relationships are ap-
propriately performed. Any such alternate boundaries or
sequences are thus within the scope and spirit of the
claims. Further, the boundaries of these functional build-
ing blocks have been arbitrarily defined for convenience
of description. Alternate boundaries could be defined as
long as the certain significant functions are appropriately
performed. Similarly, flow diagram blocks may also have
been arbitrarily defined herein to illustrate certain signif-
icant functionality. To the extent used, the flow diagram
block boundaries and sequence could have been defined
otherwise and still perform the certain significant func-
tionality. Such alternate definitions of both functional
building blocks and flow diagram blocks and sequences
are thus within the scope and spirit of the claimed inven-
tion. One of average skill in the art will also recognize
that the functional building blocks, and other illustrative
blocks, modules and components herein, can be imple-
mented as illustrated or by discrete components, appli-
cation specific integrated circuits, processors executing
appropriate software and the like or any combination
thereof.

[0114] The one or more embodiments are used herein
to illustrate one or more aspects, one or more features,
one or more concepts, and/or one or more examples of
the invention. A physical embodiment of an apparatus,
an article of manufacture, a machine, and/or of a process
may include one or more of the aspects, features, con-
cepts, examples, etc. described with reference to one or
more of the embodiments discussed herein. Further,
from figure to figure, the embodiments may incorporate
the same or similarly named functions, steps, modules,
etc. that may use the same or different reference num-
bers and, as such, the functions, steps, modules, etc.
may be the same or similar functions, steps, modules,
etc. or different ones.

[0115] Unless specifically stated to the contra, signals
to, from, and/or between elements in a figure of any of
the figures presented herein may be analog or digital,
continuous time or discrete time, and single-ended or
differential. For instance, if a signal path is shown as a



29 EP 2 947 900 A2 30

single-ended path, it also represents a differential signal
path. Similarly, if a signal path is shown as a differential
path, it also represents a single-ended signal path. While
one or more particular architectures are described here-
in, other architectures can likewise be implemented that
use one or more data buses not expressly shown, direct
connectivity between elements, and/or indirect coupling
between other elements as recognized by one of average
skill in the art.

[0116] The term "module" is used in the description of
one or more of the embodiments. A module includes a
processing module, a processor, a functional block, hard-
ware, and/or memory that stores operational instructions
for performing one or more functions as may be described
herein. Note that, if the module is implemented via hard-
ware, the hardware may operate independently and/or
in conjunction with software and/or firmware. As also
used herein, a module may contain one or more sub-
modules, each of which may be one or more modules.
[0117] While particular combinations of various func-
tions and features of the one or more embodiments have
been expressly described herein, other combinations of
these features and functions are likewise possible. The
present disclosure of an invention is not limited by the
particular examples disclosed herein and expressly in-
corporates these other combinations.

Claims
1. A wireless communication device comprising:

a communication interface; and
a processor, at least one of the processor or the
communication interface configured to:

support first communications with a first oth-
er wireless communication device;
supportsecond communications with a sec-
ond other wireless communication device;
process the first communications and the
second communications to determine
whether the first other wireless communica-
tion device and the second other wireless
communication device are substantially co-
located at a physical location;

process the first communications and the
second communications based on at least
one of a ranging or a location protocol to
determine location information of the wire-
less communication device when the first
other wireless communication device and
the second other wireless communication
device are determined not to be substan-
tially co-located at the physical location; and
store information that indicates co-location
ofthe first other wireless communication de-
vice and the second other wireless commu-
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nication device and process the first com-
munications or the second communications
based on the at least one of the ranging or
the location protocol to determine location
information of the wireless communication
device when the first other wireless commu-
nication device and the second other wire-
less communication device are determined
to be substantially co-located at the physical
location.

2. The wireless communication device of claim 1,
wherein:

the first other wireless communication device is
afirst virtual or physical wireless communication
device that is located at the physical location;
and

the second other wireless communication de-
vice is a second virtual or physical wireless com-
munication device that is located at the physical
location.

3. The wireless communication device of claim 1,
wherein:

the first other wireless communication device is
a first radio of a multi-radio wireless communi-
cation device that is located at the physical lo-
cation; and

the second other wireless communication de-
vice is a second radio of the multi-radio wireless
communication device that is located at the
physical location.

4. The wireless communication device of any preced-
ing claim, wherein the at least one of the processor
or the communication interface is further configured
to:

process the first communications to identify a
first device location identifier (DLID) associated
with the first other wireless communication de-
vice;

process the second communications to identify
asecond DLID associated with the second other
wireless communication device;

determine, when the first DLID is same as the
second DLID, that the first other wireless com-
munication device and the second other wire-
less communication device are substantially co-
located at the physical location and store the
information that indicates the co-location of the
first other wireless communication device and
the second other wireless communication de-
vice; and

determine, when the first DLID is different than
the second DLID, that the first other wireless
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communication device and the second other
wireless communication device are not substan-
tially co-located at the physical location.

5. The wireless communication device of claim 4,
wherein:

the first DLID is included within a first DLID in-
formation element (IE) or a first sub-IE that is
included within a first frame of the first commu-
nications transmitted from the wireless commu-
nication device; and

the second DLID is included within a second
DLID IE or a second sub-IE thatis included with-
in a second frame of the second communica-
tions transmitted from the wireless communica-
tion device.

6. The wireless communication device of claim 4,
wherein:

the first DLID is included within a first DLID field
that is included within a first frame of the first
communications transmitted from the wireless
communication device; and

the second DLID is included within a second
DLID field that is included within a second frame
of the second communications transmitted from
the wireless communication device.

7. The wireless communication device of any preced-
ing claim, wherein the at least one of the processor
or the communication interface is further configured
to:

support third communications with a third other
wireless communication device;

process the third communications to determine
whether the third other wireless communication
device and at least one of the first other wireless
communication device or the second other wire-
less communication device are substantially co-
located at the physical location;

when the third other wireless communication de-
vice and the atleast one of the first other wireless
communication device or the second other wire-
less communication device are determined not
to be substantially co-located at the physical lo-
cation, process the third communications and at
least one of the first communications or the sec-
ond communications based on at least one of
the ranging or the location protocol to determine
the location information of the wireless commu-
nication device; and

when the third other wireless communication de-
vice and the atleast one of the first other wireless
communication device or the second other wire-
less communication device are determined to
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32

be substantially co-located at the physical loca-
tion, store information that indicates co-location
of the third other wireless communication device
and the at least one of the first other wireless
communication device or the second other wire-
less communication device.

8. The wireless communication device of any preced-
ing claim further comprising:

a wireless station (STA), wherein at least one of
the first other wireless communication device or
the second other wireless communication de-
vice includes an access point (AP).

9. A wireless communication device comprising:

a communication interface that includes a first
radio and a second radio; and

a processor, at least one of the processor or the
communication interface configured to:

transmit a first communication to another
wireless communication device using the
first radio;

transmit a second communication to the an-
other wireless communication device using
the second radio, wherein:

a first frame of the first communication
includes a first device location identifier
(DLID) associated with the first radio;
a second frame of the second commu-
nication includes a second DLID asso-
ciated with the second radio; and

the first DLID and the second DLID in-
dicate thatthefirst radio and the second
radio are substantially co-located at a
physical location; and

support other communications with the an-
other communication device based on at
least one of a ranging or a location protocol
for use by the another communication de-
vice to determine location information of the
another wireless communication device
based on other location information of the
wireless communication device.

10. The wireless communication device of claim 9,
wherein:

the first DLID is included within a first DLID in-
formation element (IE) or a first sub-IE that is
included within the first frame of the first com-
munication; and

the second DLID is included within a second
DLID IE or a second sub-IE that is included with-
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in the second frame of the second communica- munication device and the second other
tion. wireless communication device; and
processing the first communications or the
11. The wireless communication device of claim 9, second communications based on the at
wherein: 5 least one of the ranging or the location pro-
tocol to determine location information of
the first DLID is included within a first DLID field the wireless communication device.
that is included within the first frame of the first
communication; and 15. The method of claim 14, wherein:
the second DLID is included within a second 70
DLID field that is included within the second the first other wireless communication device is
frame of the second communication. afirst virtual or physical wireless communication
device that is located at the physical location;
12. The wireless communication device of any of claims and
9 to 11, wherein both the first DLID and the second 75 the second other wireless communication de-
DLID include a common plurality of bits. vice is a second or physical virtual wireless com-
munication device that is located at the physical
13. The wireless communication device of any of claims location.

9 to 12 further comprising:

20
an access point (AP), wherein the another wire-
less communication device is a wireless station
(STA).

14. A method for execution by a wireless communication 25
device, the method comprising:

supporting, via a communication interface of the
wireless communication device, first communi-
cations with afirst other wireless communication 30
device;

supporting, via the communication interface of

the wireless communication device, second
communications with a second other wireless
communication device; 35
processing the first communications and the
second communications to determine whether

the first other wireless communication device
and the second other wireless communication
device are substantially co-located at a physical 40
location;

when the first other wireless communication de-

vice and the second other wireless communica-

tion device are determined not to be substan-
tially co-located at the physical location, 45
processing the first communications and the
second communications based on at least one

of a ranging or a location protocol to determine
location information of the wireless communica-

tion device; and 50
when the first other wireless communication de-

vice and the second other wireless communica-

tion device are determined to be substantially
co-located at the physical location:

55
storing information in memory of the wire-
less communication device that indicates
co-location of the first other wireless com-
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